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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to a medical sys- 5 
tern, according to the preamble of the independent 
claim. 

[0002] In general the present invention relates to con- 
necting a miniature X-ray tube for in vivo use to an elec- 
trical power source. A miniature X-ray tube according to 10 
the invention is, for example, useful in applications for 
prevention of restenosis and for treating diseases, such 
as cancer, in a living body. 

BACKGROUND OF THE INVENTION 15 

[0003] In treating stenosis in coronary arteries, a res- 
tenosis occurs in 30-60% of the cases. It is known that 
a treatment with beta- or gamma- (X-ray) radiation will 
decrease the occurrence of restenosis substantially. 20 
[0004] Another example of an application of the 
present invention is treatment of cancer tumors where 
it is desired to deliver radiation locally. 
[0005] Methods to apply the radiation to the site of 
treatment are presently subject to intensive research. 25 
Generally, a hollow catheter is inserted into the body, 
typically via an artery, in such a way that its distal end 
is placed near the site of treatment. A source of radiation 
attached to the distal end of an elongated member is 
inserted into the hollow catheter, and is forwarded until 30 
the radiation source is disposed at a proper position for 
radiating the site of treatment. In the specific case of 
treating cardiac vessels, the catheter is placed near the 
cardiac vessel tree (this catheter often called a "guide 
catheter")- A very thin wire - called guide wire - is then 35 
used to probe further and reach the site where treatment 
shall be performed. The therapeutic device is moved 
along this wire, i.e. by threading the device onto the 
guide wire. It is obvious that the therapeutic device has 
to have a hole close to its distal end in order to do this. 40 
[0006] Radiation treatment methods using radioac- 
tive pellets, wires or balloons etc. as radiation source is 
known in the art. Since these methods have some draw- 
backs, such as the need for substantial efforts to control 
radiation in the environment outside the patient, the use & 
of a miniature electrical X-ray tube including a cold cath- 
ode has been proposed. Such a tube may be switched 
on and off due to its electrical activation. An example of 
such an X-ray tube is described in the US patent 
5,854,822 as well as in US patent 5,984,853. so 
[0007] A conventional miniature electrical X-ray tube 
requires electrical conductors to connect the tube, i.e. 
its anode and cathode, to an external power supply. 
Conventionally, two conductors, one for the cathode and 
one for the anode of the tube are connected to the tube, ss 
preferably, and as known from prior art in a coaxial ar- 
rangement. Figure 1 schematically illustrates an X-ray 
tube according to this prior art. However, due to the 



small dimensions used, the outer diameter of the con- 
necting cable is typically in the range of 1-5 mm when 
used for cancer treatment and less than 2.0 mm when 
used in cardiology, and the high voltages used, typically 
20 kV, the probability for electrical breakdown between 
the connections to the tube is considerable. The Euro- 
pean Patent application No. 00850173.6, filed 24 Octo- 
ber 2000, falling within the terms of Art.54(3), by the 
same applicant as the present application, relates to a 
medical device that is directed to solve that problem. 
Principally and in short the problem is solved by con- 
necting the proximal pole of the X-ray tube to the exter- 
nal power source via an electrical conductor integrated 
in the elongated X-ray tube unit that is inserted into an 
X-ray tube unit catheter. The distal pole of the X-ray tube 
is connected to an electrical connection arranged at the 
inner surface of the vertical distal end of the catheter. 
The electrical connection is then connected to the ex- 
ternal power source via an electrical conductor integrat- 
ed into the wall of the catheter. 
[0008] It has not been widely recognized to date the 
importance to center the X-ray source in the cardiac ves- 
sel during the radiation treatment. The electrical X-ray 
source emits a spectrum of radiation in the range of 8 - 
20 kV (for a20kV driven device). The lower energies will 
not penetrate as far into the tissue as the higher ener- 
gies. Also, even the higher energies have a clear dose 
fall-off in the tissue of interest. It has recently been found 
that an optimal target dose of about 1 6Gy should be de- 
livered 0.7mm into the vessel wall for to achieve the best 
clinical results. The comparatively rapid dose fall off is 
also an advantage, because the amount of radiation de- 
livered to healthy tissue further away from the source of 
ionizing radiation is reduced, as compared to for in- 
stance Gamma emitting sources such as lr-192. 
[0009] Not centering the soft X-ray emitter may result 
in too low radiation dose delivered to the part of the ves- 
sel wall that is farthest away from the source and too 
high doses delivered to the tissue that is closest to the 
wall. Figure 5 shows the calculated radiation profile in 
the walls of a 3mm vessel where the source of ionizing 
is placed in direct contact to the wall and in the center 
respectively. As can be seen the farthest wall receives 
too low doses, and the wall in contact receives too high 
doses. 

[0010] In addition to the above, an electrically activat- 
ed X-ray device can essentially be regarded as a point 
source. Since the treated site is usually longer than the 
approximately 1 mm length such a device will cover, the 
device must be pulled back during the treatment. 
[0011] US-6, 148,061 is primarily directed to a minia- 
ture X-ray unit provided with an X-ray transmission win- 
dow through which X-rays exits the unit. It is also briefly 
discussed that if the radiation dose must be delivered to 
a portion of an artery longer than the length of the X-ray 
window, the unit must be moved while in the activated 
state along the artery lumen. This can be accomplished 
by feeding the X-ray unit into, or out of, the guide cath- 



2 



3 



EP 1 230 950 B1 



4 



eter at the insertion location. The X-ray unit is preferably 
moved along the length of the treatment region under 
computer control to insure the correct X-ray dose is de- 
livered to each location along the artery. After treatment, 
the unit is turned off and removed from the guide cath- 5 
eter. 

The benefit of centering the catheter in a vessel is short- 
ly commented in US-6,148,061 where the X-ray unit is 
centered in an artery to achieve uniform dose delivery 
around the inner wall of the artery. The X-ray unit can 10 
be centered by providing a centering balloon or other 
inflatable device around the X-ray unit. 
[0012] US-6,095,966 describes an X-ray device for 
delivering localized radiation to an interior of a body. The 
device includes an inflatable balloon arranged around '5 
the X-ray emitter to provide a cooling solution to cool 
the X-ray emitter and dissipate the potentially damaging 
heat. This known device is positioned at the treatment 
position by means of the inflated balloon. The device is 
particularly suited to esophageal applications where it 20 
is not so crucial to temporarily block the lumen as in 
blood vessels. 

[0013] One object of the present invention is to 
achieve a medical system adapted to perform treatment 
at treatment sites having a length of several mm and at 25 
the same time achieving a high security with regard to 
avoiding electrical breakdown between the connections 
to the tube. 

[0014] One further object of the present invention is 
to achieve a medical system where the generated X-ray 30 
radiation is conformably applied at a treatment position 
in a blood vessel and where blood may pass the X-ray 
tube catheter during the treatment. 

SUMMARY OF THE INVENTION 35 

[001 5] The above-mentioned objects are obtained by 
a medical system according to the characterizing por- 
tion of the independent claim. 

[001 6] Preferred embodiments are set forth in the de- 40 
pendent claims. 

[001 7] According to one preferred embodiment of the 
present invention one of the conductors for supplying 
voltage to the X-ray tube is integrated with, or attached 
to, the hollow catheter used to provide a path for insert- 45 
ing the X-ray source. At the distal end of the hollow cath- 
eter, said conductor is exposed at the inside of the hol- 
low catheter to exhibit a terminal surface. The electrical 
connection to the X-ray tube is at one end (the proximal 
end when inserted into the hollow catheter) connected so 
to a single electric cable, while the other end (the distal 
end when inserted into the hollow catheter) is provided 
with a terminal end surface adapted to achieve an elec- 
trical connection to the inner surface along a predeter- 
mined length of the hollow catheter when inserted into 55 
said catheter. 

[001 8] Another great advantage is that the X-ray tube 
unit with the radiation source need not be sterilized be- 



cause it is inserted into the hollow catheter that has an 
open proximal end to receive the tube unit and a closed 
distal end. Therefore only the catheter needs to be ster- 
ilized in that the X-ray tube unit is never in contact with 
body tissue. Thus, the X-ray tube unit itself may be re- 
used without sterilization. This should be compared with 
prior art systems where the insertion catheter (or guide 
catheter) has an open distal end and where the radiation 
source unit is in contact with body tissue. 
[0019] A third great advantage of the present inven- 
tion is that, if, due to unforeseeable circumstances any 
part of or the whole X-ray tube is damaged in any way, 
no parts would be spread inside the body but would in- 
stead be kept inside the hollow catheter. 
[0020] The catheter further is improved in order to 
center the catheter in a vessel while still allowing blood 
flow - at least partly - to pass the device. This is an im- 
portant aspect in order to supply blood to the parts of 
the tissue that obtain their blood supply distally from the 
device. 

[0021 ] A fourth advantage of the present invention ac- 
cording a preferred embodiment is that the dosimetry, i. 
e. the control of the dose delivered to the tissue is greatly 
enhanced. 

[0022] A fifth great advantage is that the catheter will 
help heat transfer, since the electrically conducting layer 
described in more detail below, also will aid the heat flux 
from the tube to be distributed away from the source. 
The plastic further helps as a thermal isolator. 

BRIEF DESCRIPTION OF DRAWINGS 

[0023] 

Figure 1 is a cross-sectional view of a miniature X- 

ray tube illustrating the prior art. 

Figure 2 shows an overview of the medical system 

according to the present invention. 

Figure 3a and 3b show embodiments of the distal 

electrical connection between the inner surface of 

the catheter and the miniature X-ray tube in more 

detail. 

Figure 4a and 4b exemplify the conducting paths 
through the catheter as well as the proximal.contact 
arrangement. 

Figure 5 shows radiation dose fall off in tissue for a 
centered and non-centered miniature X-ray source, 
respectively, in a 3 mm vessel. 
Figure 6a and 6b show a preferred embodiment of 
a centering function 

Figure 7a and 7b show an alternative embodiment 
of a centering function 

Figure 8a and 8b show the distal part of the catheter 
with the centering function according to the pre- 
ferred embodiment. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

[0024] Miniature cold cathode X-ray tubes are de- 
scribed in for instance US-5,854,822. The principle for 
such a device according to the prior art is illustrated in 
figure 1. Briefly, such a device is essentially a vacuum 
diode, with a vacuum cavity 1 01 in which there is an an- 
ode 1 02 and a cathode 1 03. Designed for Fowler-Nord- 
heim emission of electrons, once emission has oc- 
curred, the electrons are accelerated towards the an- 
ode, where they will produce radiation on impact. The 
radiation characteristics are determined by inter alia the 
elements used in the anode and the materials used in 
the vacuum enclosure as well as the accelerating (ap- 
plied) voltage. 

The X-ray tube is connected by a coaxial cable 1 05 with 
core and shield leads 106 and 107, respectively, to an 
external power unit (not shown). The device is further 
insulated and protected by an insulation layer 108. 
[0025] Figure 2 shows an overview of the system ac- 
cording to the present invention. First, a guide catheter 
201 is inserted into e.g. the femoral artery and moved 
into position close to the cardiac vessel 202 to be treat- 
ed. A guide wire 203 is used to probe further to the site 
where the treatment (balloon dilatation) is performed. 
Many different types of guiding extensions (e.g. provid- 
ed with a hole where the guide wire runs) are described 
in the prior art that may be applied on a catheter accord- 
ing to the present invention. The present invention may 
be used with any type of guiding extension or even with- 
out an extension. 

[0026] The cold cathode miniature X-ray tube unit 204 
is inserted into the X-ray tube unit catheter 205, which 
has then been moved into position. It is also possible to 
have the x-ray tube unit 204 inserted beforehand. 
Shown are examples of a positioning means 206 that 
performs a centering function, here in the form here of 
small inflatable balloons. One of the electric poles of the 
X-ray tube is connected by an insulated electrically con- 
ducting wire 207 to the external power source 208. The 
second electrode of the X-ray tube is connected to the 
inside of the centering catheter wall which has an elec- 
trically conducting surface that may extend over parts 
or over the entire inner surface of the X-ray tube cathe- 
ter. This feature will be described in detail below. In ad- 
dition a mechanical (manual or computer controlled) 
moving device 209 can be used in order to move, rela- 
tive the catheter, the X-ray tube e.g. in a proximal direc- 
tion in a controlled manner. 

[0027] The distal electrical connection between the X- 
ray tube unit and the X-ray tube unit catheter is shown 
in more detail in figures 3a and 3b. The series resistance 
caused by the contacts and the electrically conducting 
film (see below 304) is not critical. A typical X-ray tube 
operates at 20,000 V and at 1-10 microamperes. A se- 
ries resistance of 1 0 Mohms would result in an (unwant- 
ed) voltage drop of 200 V, 1% of the applied voltage. 
This may be totally neglected. An even higher series re- 



sistance such as 1 00 Mohms may be tolerated, although 
it should be taken into account when for instance calcu- 
lation radiation characteristics. 
[0028] What is important however, is that any series 

5 resistance to the human body should be orders of mag- 
nitude larger than the series resistance in the electrical 
connection. But in order to exemplify, using a cylindrical 
geometry of a 0.1 micrometer gold film of 1.5 meters 
length would result in an theoretical series resistance of 

10 some 50 Ohms. 

[0029] The X-ray tube 301 may have a cylindrical out- 
er shape. However, other shapes are naturally possible 
without departing from the scope of the invention as de- 
fined in the appended claims. 

15 [0030] In figures 3a and 3b, respectively, the X-ray 
tube 301 is inserted into the X-ray tube unit catheter 302. 
The distal end of the electrical X-ray tube 301 is supplied 
with a distal connecting means 303 that will create a se- 
cure electrical contact with the conducting means 304 

20 at the interior surface of the catheter. 

[0031 ] According to a preferred embodiment the distal 
connecting means 303 is in the form of one or many 
spring-like connectors 303. This embodiment is illustrat- 
ed in figure 3a. 

25 [0032] Figure 3b illustrates another preferred embod- , 
iment of the distal connecting means 303 where the con- 
necting means instead is an extension that extends in 
a radial direction outside the outer surface of the cath- 
eter. The dimension of the extension is related to the 

30 inner diameter of the catheter such that it secures elec- 
trical connection between the distal pole of the X-ray 
tube and the conducting means 304. 
The diameter of the extension is preferably slightly 
smallerthan the inner diameter of thecatheter. Electrical 

35 connection will be secured as long as any part of the 
extension is in physical contact with the inner surface. 
[0033] The extension is made from any electrically 
conductive material and may have a solid band like or 
net-like structure. 

40 [0034] To the proximal end of the X-ray tube, a single 
lead insulated electrical wire 305 is connected. Also 
shown is a hole 306 to be used for a guide wire. 
[0035] The interior surface of the catheter may for ex- 
ample be made of a film of polyetylene-teftalat. Onto this 

45 fj|m a very thin layer of metal (or other conducting ma- 
terial) has been deposited onto its surface. It is important 
to carefully choose the conducting layer material and its 
thickness to avoid excessive radiation absorption in the 
layer, because this would stop the radiation from reach- 
so ing the target tissue. If heavy materials such as gold are 
chosen, thin layers must be used. If on the other hand, 
light materials such as Aluminum are chosen, thicker 
layers may be allowed. The film is then wrapped to pro- 
duce a circular insertion. This kind of films is compara- 

55 tively stiff, so the film will stay in place after it has been 
inserted into the catheter. The film position may further 
be secured by bonding the film to the catheter wall at its 
distal end, for example. 
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[0036] It can also be a film of graphite or a metal de- 
posited directly onto the Interior surface of the catheter. 
[0037] It is advantageous to use a coating of the wall 
that is close to a coaxial symmetry because of electrical 
dielectric strength considerations. 
[0038] The catheter may have the inner surface con- 
ducting all the way from its distal to its proximal end, or 
a lumen in the catheter can be provided with an electrical 
wire that is connected to the surface, not extending all 
the way to the proximal end. These two embodiments 
are illustrated in figures 4a and 4b, respectively. 
[0039] In figure 4a a conductive inner surface 41 0 ex- 
tends all the way to the proximal end of the X-ray tube 
unit catheter 41 1 . At the proximal end is arranged a con- 
tact arrangement such as a metal cone 412 with an in- 
sulation 413, the cone being pushed into the catheter 
and joined to the catheter by standard methods such as 
welding, gluing etc. This contact is in its turn connected 
by e.g. a cable to the power supply. 
[0040] In figure 4b, the inner surface 420 of the cath- 
eter is only conductive in its distal portion, i.e. the con- 
ducting area 421 is only extending partially through the 
catheter. The length of this distal portion must be longer 
than the length of the treated vessel segment. Such a 
segment is typically only 10 mm or less but may be as 
long as 30-50mm. The length of the conducting portion 
is typically less than 50-100 mm but could be longer. A 
lumen 422 in the catheter wall provides a channel for an 
electrical conductor 423 to be attached at the conduct- 
ing area. 

[0041] The electrical conductor 423 may be a thin gold 
or copper wire, typically, although any other metal could 
be used. Tungsten would be another choice since this 
material is quite strong. It is attached to the conducting 
portion by e.g. soldering. Also a ring shaped contact (not 
shown) could be used in the distal end of the wire, hav- 
ing the additional benefit of being X-ray opaque, giving 
an additional way to accurately positioning the catheter 
into the vessel. 

[0042] The centering function is important in order to 
achieve control of the dosimetry, i.e. the delivered dose 
to the target tissue in the vessel wall. It has been report- 
ed that an optimal dose is 1 6 Gy that should be delivered 
to 0.7mm depth inside the vessel tissue. It is important 
not to under dose the tissue, because this has been re- 
ported to enhance the re-growth of tissue instead of in- 
hibiting this. It is also desirable to keep the maximum 
dose (given to the surface) as close as possible to the 
16 Gy prescribed at 0.7mm depth. Because of the ex- 
ponential decay with distance, which is inherent to radi- 
ation, it is not physically possible to achieve exactly the 
same dose. For low energy sources such as miniature 
X-ray devices this a problem; these have radiation fall 
off that is comparable to state of the art beta emitting 
sources, such as the Y/Sr source by Novoste Inc. It is 
considered that it is important to keep the dose at the 
tissue surface below 50 Gy. 

[0043] In figure 5, the resulting dose deliver profiles 



are shown for a miniature electrical cold cathode X-ray 
tube as calculated from radiation attenuation data given 
by the National Institute of Standards and Technology 
(NIST) for various parts, polymers and tissue. The cal- 

5 culation is done for a centered device inserted into a 
3-mm diameter vessel. The curve "a" shows the dose 
fall off for a perfectly centered device. The curves "b" 
and "c" shows the dose fall off for a maximally off-cen- 
tered device, i.e. touching the vessel wall. The curve M b" 

10 is the dose delivered to the tissue in contact with the 
miniature X-ray device, and the curve "c" is the dose 
delivered to the tissue in the opposite wail. 
[0044] For the off -centered, case, the dose delivered 
to the vessel wall in contact with the miniature device is 

15 almost 6 times higher and the dose delivered at 0.7 mm 
tissue depth is almost half of the prescribed dose. This 
would correspond to almost 100 Gy to the tissue wall 
(as compared to about 30 Gy in the centered case and 
an under dose of about 7.5 Gy. 

20 [0045] The requirement of the centering can be esti- 
mated using the same type of calculation. The result is 
that, for a 3-mm vessel as an example, the centering 
must be accurate to +/- 0.5 mm or better within the ves- 
sel. This will result in a surface overdose of < 50 Gy as 

25 well as an acceptable target tissue under dose of >12 
Gy, which must be considered adequate as several in- 
vestigations have used this dose, and although not find- 
ing an optimal result, a significant improvement has 
been obtained. 

30 [0046] The centering function may be achieved in 
many ways, most readily by using inflatable balloons. 
Figure 6 shows a first embodiment of the centering func- 
tion. In figure 6, the electrical connections described 
above are excluded, again for reasons of clarity. 

35 [0047] The X-ray tube unit catheter 601 is provided 
with a lumen at 602 and one or more groups of three 
inflatable balloons 603 disposed on the catheter sur- 
face, arranged preferably with a 1 20-degree angular di- 
vision. It would also be possible to use two inflatable 

40 balloons arranged with a 1 80-degree angular division or 
four inflatable balloons arranged with a 90-degree an- 
gular division. Even a higher number of balloons are 
possible to use. 

The balloons are inflated by e.g. saline solution supplied 
45 through the lumen. Contrast medium must not be used 
because the centering balloons must be radiation trans- 
parent. Preferably, more than one group of balloons is 
used as shown in figure 6 in order to correctly align the 
X-ray source within the above mentioned tolerance. 
so [0048] The arrangement of the balloons is such that 
blood may pass between the balloons in their inflated 
state. 

[0049] It is desirable to be able to check that the bal- 
loons have been deflated after the treatment. Since the 
55 balloons, during therapy is radiation transparent, this 
checking may easily be achieved by replacing the saline 
solution with a contrast solution after the treatment, and 
then deflating the balloons prior removal of the centering 
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catheter 

[0050] Preferably the centering balloons are spaced 
by 1-50 mm in the longitudinal direction, and that the 
balloons are less than 2mm wide and 10mm long. 
[0051] According to an alternative embodiment of the 5 
present invention the centering function is achieved by 
a more mechanical approach such as disclosed in figure 
7. In the embodiment shown in figure 7, two rings 701 
and 702 are joined by three or more band-like structures 
703 of a material that is reasonably radiation transpar- 10 
ent t such as Teflon or Mylar. Mylar has an X-ray atten- 
uation for the energies of interest that is very close to 
blood. The most distal ring 702 is attached to a wire 704, 
provided through a lumen 705 in the centering catheter. 
When the wire is pulled the rings move toward each oth- *s 
er and the band-like structure expands and performs a 
centering function. It is important that the band-like 
structure 703 automatically returns to the initial state, i. 
e. the non-centering state, when the pulling force of the 
wire 704 ceases. The return to the initial state happens 20 
automatically when the treatment has been performed 
or e.g. the wire is damaged or broken. 
[0052] One embodiment of the complete catheter is 
shown in figure 8. The hollow catheter is typically made 
of a plastic material. Examples of plastics that are usa- 25 
ble, alone or in combinations, are Teflon, Polyamides, 
polyethylene, silicone, PVC etc. These are common ma- 
terials used for catheters. In some of the embodiments 
it is important to ensure a high electrical breakdown for 
regulatory safety reasons, and the choice of material will so 
be narrowed down to some extent. The catheter 801, 
having a typical outer diameter of less than 2 mm and 
a typical inner diameter of 1 .5 mm is provided with lu- 
mens 802 and 803, respectively. (Itshould be noted that, 
in all descriptions disclosed herein, a catheter is as- 35 
sumed to have a center lumen by definition, in which the 
miniature X-ray source is inserted.) The lumen 802 
(which may be more than one) supplies the balloons 804 
with an inflation solution, e.g. saline. The methods to do 
so and manufacturing such balloons on a catheter are 40 
well known. 

[0053] The lumen 803 provides the electrical connec- 
tion to the conduction layer 805 inside the catheter. Ra- 
dio opaque markers 806 are arranged preferably distally 
and proximally said positioning means, for simplifying 45 
correct positioning inside the vessel as well as a hole 
807 for a guide wire 808. 

[0054] Heat is a general issue for this application. The 
temperature increase to the surrounding tissue should 
not exceed some 3 degrees C° (41 degrees C° in abso- so 
iute terms). A typical applied voltage is 20,000V and the 
current is typically 10 microamperes. The power deliv- 
ered to the very small volume of the anode is then some 
0.2 W. This power is essentially totally converted to heat 
in the anode (only a very small fraction is converted into ss 
radiation). This heat must be transported away. Analysis 
show that the catheter helps bringing the temperature 
increase down to approximately less than 1 degrees C°, 



as compared to prior art devices that will have a tem- 
perature increase of some 3 degrees C°. This in turn 
could be used either to keep the temperature increase 
low, or to increase the power of the device, without pass- 
ing the critical point of 41 degrees C°. The following ben- 
efit is more radiation energy per time unit and therefore 
shorter treatment times. The latter is important because 
the time in the catheterisation laboratory is very expen- 
sive. Also patient discomfort is reduced. 
[0055] The methods for manufacturing such catheters 
are known to the skilled person in the art. Typically a 
multi lumen catheter is extruded without its distal closed 
end. The distal, electrically conducting film is added, e. 
g. by inserting a foil with a conducting surface, as men- 
tioned above, either all the way to the proximal end, or 
to the lumen, with its wire, in this embodiment. The elec- 
trical connection is secured to the wire alternatively to 
the distal end. The balloons are attached to the lumen 
(s) intended to be connected to the same. The catheter 
is sealed with a part also provided with the hole for the 
guide wire. A proximal electrical connection as well as 
a proximal connection for the inflation is made. Radio 
opaque markers are added. 

[0056] There is also a possibility to arrange the con- 
ducting means at the inner surface of a catheter that is 
not provided with the positioning means (e.g. the bal- 
loons) that centres the catheter. Then it is possible to 
treat a larger area by pulling the X-ray tube unit passed 
the treatment position. 

[0057] The present invention is not limited to the 
above-described preferred embodiments. Various alter- 
natives, modifications and equivalents may be used. 
Therefore, the above embodiments should not betaken 
as limiting the scope of the invention, which is defined 
by the appending claims. 



Claims 

1 . Medical system comprising an X-ray tube unit cath- 
eter (205, 302, 411, 601, 801) and an X-ray tube 
unit (204) including a miniaturised X-ray tube (301 ), 
wherein the X-ray tube unit is adapted to be inserted 
into the X-ray tube unit catheter in orderto generate 
X-ray radiation at a treatment position in a vessel 
within a human or animal body, 
said X-ray tube is provided with a distal electrical 
pole and a proximal electrical pole, wherein the 
proximal pole is connected via an insulated electri- 
cal conductor to an external power source, charac- 
terized in that the distal pole is connectable to a 
conducting means (304, 410, 421 ) at the inner sur- 
face of the catheter wall via distal connecting means 
(303), said conducting means has a predetermined 
length extending in the longitudinal direction of the 
catheter and is connected via an insulated electrical 
conductor (412, 423) to the external power source, 
and that during treatment the X-ray tube unit is 
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adapted to be moved in relation to the X-ray tube 
unit catheter, wherein the distal pole is electrically 
connected to the conducting means. 

2. Medical system according to claim 1 , character- 
ized in that said conducting means is arranged in 
the distal end of the catheter. 

3. Medical system according to claim 1 or 2, charac- 
terized in that said conducting means (421 ) covers 
the entire inner surface of the catheter along the 
predetermined length of the catheter. 

4. Medical system according to claim 1 or 2, charac- 
terized in that said conducting means covers parts 
of the inner surface of the catheter along the prede- 
termined length of the catheter. 

5. Medical system according to claim 1 , character- 
ized in that said conducting means (410) covers 
the entire inner surface of the catheter along essen- 
tially the whole catheter. 

6. Medical system according to any preceding claim, 
characterized In that said system further compris- 
es X-ray tube unit moving means (209) adapted to 
move the X-ray tube unit (204) in relation to the 
catheter. 

7. Medical system according to claim 6, characterized 
i n that said X-ray tube unit moving means (209) is 
adapted to pull the X-ray tube unit (204) in a proxi- 
mal direction in relation to the catheter, from a distal 
position where the X-ray tube is positioned distally 
said treatment position to a proximal position where 
the X-ray tube is positioned proximally said treat- 
ment position. 

8. Medical system according to claim 1 , character- 
ized in that said distal connecting means (303) 
comprises one or many spring-like connectors that 
extend in a radial direction. 

9. Medical system according to claim 1 , character- 
ized in that said distal connecting means (303) 
comprises an extension that extends in a radial di- 
rection. 

10. Medical system according to claim 1, character- 
ized in that said catheter further comprises posi- 
tioning means (206) close to its distal end arranged 
to position the distal end of the X-ray tube catheter 
in the vessel at the treatment position, said position- 
ing means is adapted to position the catheter such 
that blood may pass the positioning means and that 
the centre axis of the catheter essentially coincides 
with the centre axis of the vessel at the treatment 
position. 



11. Medical system according to claim 10, character- 
ized in that said positioning means comprises one 
or many balloons (603, 804), being a first group of 
balloons, arranged at the outer surface of the cath- 

5 eter. 

12. Medical system according to claim 11, character- 
ized in that the first group of balloons are arranged 
symmetrically in a cross-sectional plane of the cath- 

10 eter. 

13. Medical system according to claim 11 or 12, char- 
acterized in that a second group of balloons is ar- 
ranged in cross-sectional plane axiaily separate 

*s from the first group of balloons. 

14. Medical system according to any of claims 11-13, 
characterized in that the balloons are inflated by 
e.g. saline solution supplied through a lumen in the 

20 catheter wall. 

15. Medical system according to claim 10, character- 
ized in that said positioning means comprises a 
band- like structure (703) that is extracorporeal^ ac- 

25 tivated. 

16. Medical system according to claim 15, character- 
ized in that said positioning means further compris- 
es two rings (701 , 702) that are joined together by 

30 three or more band-like structures (703) and the 
most distal ring (702) is attached to a wire (704) pro- 
vided through a lumen (705) in the catheter, wherein 
when the wire is pulled the distal ring moves toward 
the proximal ring and the band-like structure ex- 

35 pands and performs a centering function. 

17. Medical system according to claim 16, character- 
ized in that said band-like structure and rings are 
made of a material that is reasonably radiation 

<o transparent, such as Teflon or Mylar. 



Patentanspruche 

*5 1. Medizinisches System mit einem Katheter (205, 
302, 41 1 , 601 , 801 ) einer Rontgenrohreneinheit und 
mit einer Rontgenrohreneinheit (204) mit einer mi- 
niaturisierten Rontgenrohre (301), wobei die Ront- 
genrohreneinheit so ausgestaltet ist, dass sie in den 

so Katheter eingefuhrt werden kann, urn Rontgen- 
strahlung an einer Behandlungsstelle in einem Ge- 
fa(3 innerhalb eines menschlichen Oder tierischen 
Korpers zu erzeugen, wobei die Rontgenrohre mit 
einem distalen elektrischen Pol und einem proxima- 

55 len elektrischen Pol versehen ist, wobei der proxi- 
male Pol uber einen isolierten elektrischen Leiter 
mit einer externen Energiequelleverbunden ist.da- 
durch gekennzeichnet, dass der distale Pol uber 
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distale Verbindungsmittel (303) miteinem Leitermit- 
tel (304, 410, 421) an der inneren Oberflache der 
Katheterwand verbindbar ist, wobei das Leitermittel 
eine vorbestimmte Lange hat, die sich in Langsrich- 
tung des Katheters erstreckt, und uber einen iso- 5 
lierten elektrischen Leiter (412, 423) mit der exter- 
nen Energiequelle verbunden ist, und dass die 
Rontgenrohreneinheit so ausgestaltet ist, dass sie 
wahrend der Behandlung bezuglich des Katheters 
bewegt wird, wobei der distale Pol elektrisch mit 10 
dem Leitermittel verbunden ist. 



2. Medizinisches System nach Anspruch 1 , dadurch 
gekennzeichnet, dass das Leitermittel im distalen 
Ende des Katheters angeordnet ist. 15 

3. Medizinisches System nach Anspruch 1 oder 2, da- 
durch gekennzeichnet, dass das Leitermittel 
(421 ) die gesamte innere Oberflache des Katheters 
entlang der vorbestimmten Lange des Katheters 20 
bedeckt. 

4. Medizinisches System nach Anspruch 1 oder 2, da- 
durch gekennzeichnet, dass das Leitermittel Teile 
der inneren Oberflache des Katheters entlang der 25 
vorbestimmten Lange des Katheters bedeckt. 

5. Medizinisches System nach Anspruch 1 , dadurch 
gekennzeichnet, dass das Leitermittel (410) die 
gesamte innere Oberflache des Katheters im we- 30 
sentlichen entlang des gesamten Katheters be- 
deckt. 

6. Medizinisches System nach einem der vorange- 
henden Anspruche, dadurch gekennzeichnet, 35 
dass das System auBerdem Bewegungsmittel 
(209) aufweist, urn die Rontgenrohreneinheit (204) 
bezuglich des Katheters zu bewegen. 

7. Medizinisches System nach Anspruch 6, dadurch *o 
gekennzeichnet, dass das Bewegungsmittel (209) 

so ausgestaltet ist, dass es die Rontgenrohrenein- 
heit (204) in proximaler Richtung bezuglich des Ka- 
theters Ziehen kann, und zwar von einer distalen 
Position, wo die Rontgenrohre distal bezuglich der 45 
Behandlungsstelle positioniert ist, in eine proximale 
Position, wo die Rontgenrohre proximal bezuglich 
der Behandlungsstelle positioniert ist. 

8. Medizinisches System nach Anspruch 1 , dadurch so 
gekennzeichnet, dass das distale Verbindungs- 
mittel (303) zumindest einen federartigen Verbinder 
aufweist, welcher sich in radialer Richtung er- 
streckt. 

55 

9. Medizinisches System nach Anspruch 1 , dadurch 
gekennzeichnet, dass das distale Verbindungs- 
mittel (303) eine Erweiterung aufweist, welche sich 



in radialer Richtung erstreckt. 

10. Medizinisches System nach Anspruch 1, dadurch 
gekennzeichnet, dass der KatheterauBerdem Po- 
sitioniermittel (206) nahe seines distalen Endes 
aufweist, die so ausgestaltet sind, dass sie das di- 
stale Ende des Katheters in dem GefaB an der Be- 
handlungsstelle positionieren konnen, wobei das 
Positioniermittel so ausgestaltet ist, dass es den 
Katheter so positionieren kann, dass Blut an dem 
Positioniermittel vorbeilaufen kann, und dass die 
Mittelachse des Katheters im wesentlichen mit der 
Mittelachse des GefaBes an der Behandlungsstelle 
zusammenfallt. 

1 1 . Medizinisches System nach Anspruch 1 0, dadurch 
gekennzeichnet, dass das Positioniermittel zu- 
mindest einen Ballon (603, 804) aufweist, die eine 
ersteGruppe von Ballons bilden, angeordnet an der 
auBeren Oberflache des Katheters. 

12. Medizinisches System nach Anspruch 11 , dadurch 
gekennzeichnet, dass die erste Gruppe der Bal- 
lons symmetrisch in einer Querschnittsebene des 
Katheters angeordnet ist. 

13. Medizinisches System nach Anspruch 11 oder 12, 
dadurch gekennzeichnet, dass eine zweite Grup- 
pe von Ballons in einer Querschnittsebene axial ge- 
trennt von der ersten Gruppe von Ballons angeord- 
net ist. 

14. Medizinisches System nach einem der Anspruche 
11 bis 13, dadurch gekennzeichnet, dass die Bal- 
lons beispielsweise durch eine Losung aufgeblasen 
sind, die durch ein Lumen in der Katheterwand zu- 
gefuhrtwird. 

1 5. Medizinisches System nach Anspruch 1 0, dadurch 
gekennzeichnet, dass das Position iermittel eine 
bandartige Struktur (703) aufweist, welche extra- 
corporeal aktiviert wird. 

16. Medizinisches System nach Anspruch 15, dadurch 
gekennzeichnet, dass das Positioniermittel au- 
Berdem zwei Ringe (710, 702) aufweist, welche 
durch zumindest drei bandartige Strukturen (703) 
verbunden sind, wobei der am weitesten distal an- 
geordnete Ring (702) an einem Draht (704) ange- 
bracht ist, der durch ein Lumen (705) in dem Kathe- 
ter hindurch vorgesehen ist, wobei, wenn der Draht 
gezogen wird, der distale Ring sich in Richtung des 
proximalen Rings bewegt und die bandartige Struk- 
tur sich erweitert und eine Zentrierfunktion wahr- 
nimmt. 

1 7. Medizinisches System nach Anspruch 1 6, dadurch 
gekennzeichnet, dass die bandartige Struktur und 
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die Ringe aus einem Material bestehen, welches in 
geeigneter Weise strahlungstransparent ist, wie 
beispielsweise Teflon oder Mylar. 



Revendications 

1 . Systeme medical comprenant un catheter a unite a 
tube a rayons X (205, 302, 411, 601, 801) et une 
unite a tube a rayons X (204) incluant un tube a 
rayons X miniaturise (301), ou I'unite a tube a 
rayons X est concue pour etre inseree dans le ca- 
theter a unite a tube a rayons X pour produire un 
rayonnement X a une position de traitement dans 
un vaisseau dans un corps humain ou animal, 
ledit tube a rayons X est muni d'un pole electrique 
distal et d'un pdle Electrique proximal, ou le pole 
proximal est connecte par le biais d'un conducteur 
electrique isole a une source d'energie externe, ca- 
racterise en ce que le pole distal peut etre connec- 
ts a un moyen conducteur (304, 41 0, 421 ) au niveau 
de la surface interne de la parol du catheter par le 
biais d'un moyen de connexion distal (303), ledit 
moyen conducteur a une longueur predetermined 
qui s'etend dans la direction longitudinale du cathe- 
ter et est connecte par le biais d'un conducteur elec- 
trique isole (41 2, 423) a la source ddnergie externe, 
et en ce que, pendant le traitement, I'unite a tube 
a rayons X est concue pour etre deplacee par rap- 
port au catheter a unite a tube a rayons X, ou le pole so 
distal est connecte 6lectriquement au moyen con- 
ducteur. 

2. Systeme medical selon la revendication 1 , carac- 
terise en ce que ledit moyen conducteur est dispo- 35 
s6 a I'extremite distale du catheter. 

3. Systeme medical selon la revendication 1 ou 2, ca- 
racterise en ce que ledit moyen conducteur (421) 
couvre toute la surface interne du catheter sur la *o 
longueur predetermined du catheter. 

4. Systeme medical selon la revendication 1 ou 2, ca- 
racterise en ce que ledit moyen conducteur couvre 
des parties de la surface interne du catheter sur ia 4s 
longueur predetermined du catheter. 

5. Systeme medical selon la revendication 1, carac- 
terise en ce que ledit moyen conducteur (41 0) cou- 
vre toute la surface interne du catheter sensible- so 
ment sur tout le catheter. 

6. Systeme medical selon I'une quelconque des re- 
vendications prededentes, caracterise en ce que 
ledit systeme comprend en outre un moyen de d6- 55 
placement d'unite a tube a rayons X (209) congu 
pour deplacer i'unite a tube a rayons X (204) par 
rapport au catheter. 



7. Systeme medical selon la revendication 6, carac- 
terise en ce que ledit moyen de defacement d'uni- 
te a tube a rayons X (209) est congu pourtirer I'unite 
a tube a rayons X (204) dans une direction proxi- 
male par rapport au catheter, depuis une position 
distale ou le tube a rayons X est position n6 distale- 
ment par rapport a ladite position de traitement jus- 
que dans une position proximale ou le tube a rayons 
X est positionne proximalement par rapport a ladite 
position de traitement. 

8. Systeme medical selon la revendication 1 , carac- 
terise en ce que ledit moyen de connexion distal 
(303) comprend un ou plusieurs connecteurs de ty- 
pe ressort qui s'etendent dans une direction radiale. 

9. Systeme medical selon la revendication 1, carac- 
terise en ce que ledit moyen de connexion distal 
(303) comprend une extension qui s'etend dans une 
direction radiale. 

10. Systeme medical selon la revendication 1, carac- 
terise en ce que ledit catheter comprend en outre 
un moyen de positionnement (206) a proximite de 
sonextrediite distale congu pourpositionnerl'extte- 
mite distale du catheter a tube a rayons X dans le 
vaisseau a la position de traitement, ledit moyen de 
positionnement est congu pour positionner le cathe- 
ter de telle maniere que le sang peut franchir le 
moyen de positionnement et que I'axe central du ca- 
theter coincide sensiblement avec I'axe central du 
vaisseau a la position de traitement. 

11. Systeme medical selon la revendication 10, carac- 
terise en ce que ledit moyen de positionnement 
comprend un ou plusieurs ballonnets (603, 804), 
qui constituent un premier groupe de ballonnets, 
disposes au niveau de la surface externe du cathe- 
ter. 

12. Systeme medical selon la revendication 11 , carac- 
terise en ce que le premier groupe de ballonnets 
est dispose symetriquement dans un plan transver- 
sal du catheter. 

13. Systeme medical selon la revendication 11 ou 12, 
caracterise en ce qu'un second groupe de ballon- 
nets est dispos§ dans un plan transversal separe 
axialement du premier groupe de ballonnets. 

14. Systeme medical selon I'une quelconque des re- 
vendications 11 a 13, caracterise en ce que les 
ballonnets sont gonf led, par exemple par une solu- 
tion salee foumie par une lumiere dans la paroi du 
catheter. 

15. Systeme medical selon la revendication 1 0, carac- 
terise en ce que ledit moyen de positionnement 
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comprend une structure de type bande (703) qui est 
activee de maniere extracorporal le. 

16. Systeme medical selon la revendication 15, carac- 
terise en ce que ledit moyen de position nement s 
comprend en outre deux anneaux (701 , 702) qui 
sont relies par trois ou plus de trois structures de 
type bande (703) et I'anneau le plus distal (702) est 
fixe a un fil (704) prevu dans une lumiere (705) dans 

le catheter, ou, quand le fil est tire, I'anneau distal >o 
se deplace en direction de I'anneau proximal et la 
structure de type bande se dilate et remplit une 
fonction de centrage. 

17. Systeme medical selon la revendication 1 6, carac- '5 
terise en ce que ladite structure de type bande et 
lesdits anneaux sont constitues par un materiau qui 

est raisonnablement permeable aux rayonne- 
ments, comme le Teflon ou le Mylar. 



10 



EP 1 230 950 B1 




,302 

304 ' 




FIG.3b 



11 



EP 1 230 950 B1 



208 




FIG.2 



12 



EP 1 230 950 B1 




0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 
Depth in vessel wall (mm) 



FIG.5 



13 



EP 1 230 950 B1 




FIG.7b 



14 



EP 1 230 950 B1 




15 



